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Computed tomographic findings in 
a suspected disseminated primitive 
neuroectodermal tumour in a young dog
A two and a half-year-old male neutered American Staffordshire 
bull terrier weighing 33 kg was examined by a specialist in 
neurology after referral from a general practitioner. The dog 
had a three month history of seizures and multifocal central 
neurologic deficits. Initially the dog was presented for acute onset 
of generalized seizures over a period of two days. One week later, 
the dog developed exophthalmos of the right globe with chemosis 
and unilateral right sided blindness. Neuroanatomic localisation 
within the visual pathway was consistent with an optic nerve 
lesion. Analysis of cerebrospinal fluid collected by cisternal 
puncture indicated elevated protein concentration (138 mg/dL, 
reference range <30 mg/dL). A mixed cell population was present 
(neutrophils 4%, lymphocytes 29.8%, large mononuclear cells 
65.7%, eosinophils 0.5%) indicating the lack of an inflammatory 
response. Serologic testing was negative for Cryptococcus sp. 
and Neospora sp. Toxoplasma titres were consistent with prior 
exposure and possible latent infection (IgG IFAT 1:256, IgM IFAT 
<1:32). At the onset of blindness and exophthalmos, the dog was 
treated empirically with prednisolone at 10 mg twice daily. The 
dose was tapered over three weeks and was then discontinued. 
Trimethoprim/sulphadiazine was also administered at this time at 
480 mg twice daily for 10 days. The exophthalmos resolved but the 
unilateral visual deficits persisted. The dog had a further cluster 
of seizures at which time phenobarbitone was administered at 75 
mg twice daily, increasing to 100 mg twice daily after the serum 
phenobarbitone concentration was measured at 17.9 mg/L. No 
further seizures were observed, however the dog developed 
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ABSTRACT
A two and a half-year-old American Staffordshire bull terrier was presented with seizures, unilateral blindness consistent 
with a lesion at the level of the optic nerve and bilateral hindleg ataxia progressing to paresis. Computed tomography 
(CT) of the brain and spine identified a mineralised suprasellar mass which extended along both optic nerves. The dog 
recovered uneventfully from anaesthesia but died within 24 hours. Necropsy and histopathology confirmed the CT findings, 
identifying neoplastic invasion of the cerebrum and brainstem with extensive meningeal dissemination involving the entire 
spinal cord. Histologic features and immunohistochemical staining were most consistent with a primitive neuroectodermal 
tumour, although some typical features, such as cellular pseudorosettes, were not found. The difficulty in forming a definitive 
conclusion in this case is consistent with previous reports of other juvenile central nervous system tumours in which the 
presence of multiple cell types within the mass and conflicting immunohistochemical characteristics are confounding 
factors. This case highlights the clinical utility of computed tomography in characterising intracranial mass lesions in 
young dogs presenting with seizures and multifocal central neurologic abnormalities. Neoplasia resulting in these clinical 
and imaging findings in young dogs is commonly aggressive in nature and should be included as a differential diagnosis. 
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bilateral hindleg ataxia which progressed to paresis over a period 
of three to four weeks. Re- treatment with prednisolone (20 mg twice 
daily) and trimethoprim sulfur (480 mg twice daily) had no effect 
on the ataxia. The dog was then referred to the Veterinary Imaging 
Centre by the neurologist for imaging of the brain and spinal cord. 
Computed tomographic imaging of the head and spine (Brilliance 
6 Phillips Healthcare) was performed before and one minute 
after intravenous administration of non-ionic iodinated contrast 
medium (600mg/kg, Ioversol, Mallinckrodt). Additional scans 
were performed on the entire spine after a five minute delay. 
Images were examined in bone, soft tissue and brain windows 
using multiplanar reformats. 
Imaging findings included moderate ventriculomegaly of the 
lateral, third and fourth ventricles with relatively symmetric 
dilation of the lateral ventricles. On pre-contrast images in the 
midline suprasellar region, a 15 x 15 x 12 mm poorly marginated 
region of amorphous mineralisation (300HU) was identified 
that extended caudally in the region of the hypothalamus and 
rostrally in association with the optic chiasm (Figure 1A). The 
mineralisation also extended from the optic chiasm along the path 
of both optic nerves over a distance of 15 mm within the optic 
canal. The post-contrast CT images showed mild enhancement 
of the mass, extending rostrally within both sides of the ventral 
aspect of the frontal lobe toward the olfactory lobe. This created a 
mass effect (Figures 1B and 1C). 






The optic nerves were thickened and measured 4.4 mm diameter 
(left) and 6mm (right). They were hypo-attenuating and displayed 
moderate meningeal enhancement. At the level of the right globe, 
the right optic nerve was irregularly marginated with a bulbous 
expansion of the nerve to a diameter of 10 mm with moderate 
patchy parenchymal enhancement (Figure 1D). No spinal cord 
abnormalities were identified. Based on the CT findings, the 
prioritised differential diagnoses were an optic pathway glioma, 
craniopharyngioma, germ cell tumour, or lymphoma. 
Figure 1A. Computed tomographic image in the transverse 
plane of a two and a half-year-old American Staffordshire bull 
terrier with clinical signs consistent with multianatomic central 
nervous system disease. There is a mineralised suprasellar mass 
(arrows). Bone window, pre-contrast. 
Figure 1C. Computed tomographic image in the sagittal 
plane of a two and a half-year-old American Staffordshire bull 
terrier with clinical signs consistent with multianatomic central 
nervous system disease. There is a mineralised suprasellar mass 
(arrows) and mild ventriculomegaly (open arrowhead). Soft 
tissue window, post -contrast administration, rostral is to the left. 
Figure 1D. Computed tomographic image in the oblique dorsal 
plane of a two and a half year-old American Staffordshire bull 
terrier with clinical signs consistent with multianatomic central 
nervous system disease. There is marked thickening of the right 
optic nerve (arrows). The origin of the left optic nerve can be 
seen in the retrobulbar space (arrowhead), however it is not 
continuous with the left globe in this plane. Soft tissue window, 
post-contrast administration.
Figure 1B. Computed tomographic image in the transverse 
plane of a two and a half-year-old American Staffordshire bull 
terrier with clinical signs consistent with multianatomic central 
nervous system disease. There is a mineralised suprasellar mass 
(arrow) with mild ventriculomegaly (arrowhead). Mild contrast 
enhancement was noted within the mass. Soft tissue window, 
one minute post–contrast.
The dog recovered from anaesthesia uneventfully with no 
deterioration in its neurologic status noted, but was found dead 
at home approximately 24 hours later. Necropsy was performed 
18 hours later but a definitive cause of death was not identified. 
Necropsy revealed a non-encapsulated, tan, 17 x 15 mm mass on the 
ventral aspect of the brain rostral to the optic chiasm, compressing 
the adjacent brain tissue (Figure 2). The mass was soft with foci 
of gritty mineralisation noted when cut. It extended superficially 
along the external surface of the brain and both optic nerves. 
The maximal diameter of optic nerve was 9 mm (right) and 6 mm 
(left). Caudal extension of the mass continued over the pituitary 
gland and the pons, forming a poorly defined, plaque-like tan 
mass 15 mm in diameter which obscured the surface features of 
the underlying brain. Serial slicing of the formalin fixed brain 













revealed thickened meninges extending from the rostral aspect of 
the mass laterally along both optic nerves, ventrally in the region 
of the pons and dorsolaterally around the midbrain. Serial slicing 
of the formalin fixed spinal cord showed filling of the subdural 
space by tan tissue that enveloped the nerve roots. This extended 
along the cervical spinal cord, through the thoracic segments to 
the lumbar and sacral spinal cord. 
Samples were examined under light microscopy after 
haematoxylin and eosin staining. Sections from the mass and 
meninges showed a poorly demarcated, densely cellular infiltrate 
that in places extended into the adjacent brain, most notably 
in the rostral cerebrum. There was extension into surrounding 
connective tissues of the optic nerve, around the spinal cord 
and nerve roots and dorsolaterally around midbrain and pons, 
Figure 3A. Photomicrograph of a section through a tumour 
involving the right optic nerve of a two and a half year-old 
American Staffordshire bull terrier. The nerve (N) is surrounded 
by a densely cellular neoplastic infiltrate (*), with invasion in 
the surrounding adipose and loose fibrovascular connective 
tissues (arrows). Haematoxylin and eosin. Magnification x1.25, 
Bar = 1 mm
Figure 3B. Photomicrograph of a section of the tumour from 
a two and a half-year-old American Staffordshire bull terrier. 
Tumour cells are clustered into packets by a fibrillar stroma 
(s). Haematoxylin and eosin, magnification x40 Bar = 20µm. 
Insert: cells have round to oval nucleus and poorly defined 
cytoplasm. Note the mitotic figure (arrow head). Haematoxylin 
and eosin, x100 oil immersion, Bar = 10µm
and over the dorsal wall of the fourth ventricle (Figure 3A). 
Occasional foci of mineralisation and metaplastic bone formation 
were noted. The mass comprised randomly-oriented, parallel 
arrays of spindle-shaped cells, with a pale, elongated oval nucleus, 
finely stippled chromatin, and eosinophilic cytoplasmic processes 
having an indistinct outline. Elsewhere, the cells had a round 
nucleus and scant cytoplasm, and formed a solid sheet, with 
frequent mitoses and multifocal areas of necrosis, or a more 
packeted arrangement amongst a spindle cell stroma (Figure 3B).
Figure 3C. immunohistochemical findings. S-100 
immunohistochemistry was negative, bar = 20 µm. SYN 
(synaptophysin) showed moderate positive immunoreactivity, 
bar = 50 µm. GFAP (glial fibrillary acidic protein) 
immunohistochemistry was negative (note the packeted 
arrangements of the cells), bar = 50 µm. ViM (vimentin) showed 
strong immunoreactivity, bar = 20 µm. CYTO (cytokeratin) 
was negative except for occasional fibrillar processes, 
bar = 50 µm. SYN-CNTRL (synaptophysin, positive control: 
islet of Langerhans reacted positively amongst surrounding 
negative exocrine pancreas), Bar = 50 µm 
Figure 2. Gross pathologic image of the ventral aspect of 
brain from a two and a half year-old American Staffordshire 
bull terrier with clinical signs consistent with multianatomic 
central nervous system disease. There is a mass rostral to 
optic chiasm (left needle) and extension over the pons (right 
needle), with thickened left and right optic nerves. 






Immunohistochemistry showed no significant immunoreactivity 
for S-100 or glial fibrillary acidic protein (GFAP), with occasional 
cytokeratin-positive fibrillar processes, and widespread vimentin 
immunoreactivity. Synaptophysin demonstrated moderate 
immunoreactivity in many areas (Figure 3C). Epithelial membrane 
antigen, although considered useful in identifying tumours of 
meningeal origin, failed to demonstrate positive control reactions 
and so was not pursued further. The findings were considered most 
consistent with a primitive neuroectodermal tumour (PNET).
diSCUSSiON
Neoplasia is an uncommon cause of seizures in young adult dogs 
with infectious and inflammatory disorders or idiopathic epilepsy 
more likely.1 Advanced imaging of the central nervous system 
can play a key role in differentiating these conditions. Computed 
tomography is a readily available and rapid method of identifying 
central nervous system pathology, particularly where multifocal 
signs may make MRI prohibitive due to the duration of anaesthesia 
required to image several regions. Computed tomography is 
considered reliable in people for detection of calcification and 
haemorrhage and is used for assessment in people presenting with 
acute neurologic signs.2 In people, MRI has been reported to be 
superior for detecting brain tumours not identified on CT and 
may be more sensitive for detection of meningeal dissemination.2 
In this case MRI may have provided greater information than CT 
regarding the extent of disease and for this reason it is the modality 
of choice in similar cases at many institutions. The reported 
findings for many of the differential diagnoses considered in this 
dog are however non-specific on both MRI and CT, with definitive 
diagnosis relying on histopathology.3-8 
The computed tomographic findings in this case were consistent 
with the location and extent of the intracranial pathology and 
CT was particularly useful at characterizing mineralisation and 
optic nerve changes. Involvement of the meninges overlying the 
spinal cord was not identified. In this dog contrast enhanced 
imaging of the spinal cord was limited due to the short delay 
between scans which was necessary to re-plan, and allow for tube 
cooling. Computed tomography is insensitive for detection of 
meningeal disease including leptomeningeal metastasis and subtle 
enhancement may not be appreciated even if images are obtained 
immediately post intravenous administration of contrast.9,10 
Magnetic resonance imaging is reportedly more sensitive in the 
detection of meningeal disease, but false negatives may also occur 
with this modality.11,12 Differential diagnoses based on the imaging 
appearance of a mineralised suprasellar mass with optic nerve 
involvement, and the dog’s age, included optic pathway glioma, 
craniopharyngioma and germ cell tumor.13-18 Optic pathway 
gliomas are rare but have been reported in dogs including a 
three and a half year-old Labrador with thickened optic nerves, 
and neoplastic tissue extending into the hypothalamus forming 
a non-mineralised suprasellar mass.18 Mineralisation within the 
neoplastic tissue may occur in people with optic pathway gliomas, 
as does dissemination along CSF pathways. Imaging features 
of this tumour type are not described in dogs but are poorly 
predictive of malignancy in people.19 Both craniopharyngiomas 
and germ cell tumours arise from neoplastic transformation of 
embryologic remnants, and although rare, have been reported 
in young dogs.20,21 Their growth pattern is unpredictable 
and classification of these tumours has been described as 
problematic.16,21,22 Lymphoma was also a consideration based on 
the imaging features.3 The widespread meningeal dissemination 
identified on microscopic examination led to the addition of 
oligodendroglioma and meningioangiomatosis to the differential 
diagnoses, both of which are reported in young dogs and may 
conform to this anatomic distribution.4,5,23-26 When considering 
the histologic interpretation, the negative GFAP reaction 
eliminated tumours of astrocytic origin, and made tumours 
of other glial origin unlikely.27 Ependymal and choroid plexus 
tumours typically have rosettes and an overt epithelial appearance 
respectively, which were not evident.28 The cysts, tubules and 
extensive squamous differentiation of craniopharyngiomas were 
absent, and the microscopic features and positive synaptophysin 
immunohistochemistry did not support a tumour of meningeal 
origin. Germ cell tumours typically express cytokeratin in a 
strong and widespread pattern unlike that seen in this dog, and 
often have hepatoid cells, glandular formations and squamous 
differentiation.29,30 The positive synaptophysin reaction was 
consistent with a neuronal or embryonal origin.28 Neuronal 
tumours such as olfactory neuroblastoma typically originate in 
the upper nasal cavity and mostly affect older dogs. 
The histologic and immunohistochemical findings along with the 
pattern of spread were most consistent with a PNET, although 
other findings that would have strengthened the conclusion, such as 
neuroblastic pseudorosettes and pseudopallisading cells, were not 
seen. Primitive neuroectodermal tumours are a group of malignant 
embryologic tumours derived from neuroepithelial cells. They have 
the potential to differentiate along a number of cell lines, sometimes 
within the same tumour, resulting in the complex histopathologic 
appearance seen in this dog. 31 Primitive neuroectodermal tumours 
may have a variable expression of GFAP, depending upon the 
level of glial differentiation, with some GFAP-positive reports 
in the dog.32 Such variability makes reliable diagnosis of PNET 
challenging.32 These tumours are very rare but have been reported 
in young dogs in the brainstem and cerebrum and in one case, in 
association with sudden death, consistent with the outcome in the 
dog of our report.32-34 Both the MRI and CT features of PNET are 
variable. A tendency to disseminate along the CSF pathways has 
been described, however mineralisation has not been reported in 
animals and is uncommon in people.6,35-37 
This report reinforces the need to consider multifocal congenital 
neoplastic conditions in young dogs presenting with seizures 
or clinical signs consistent with involvement of multiple 
neuroanatomic locations. Computed tomography is useful in 
assessment of mineralisation within the central nervous system, 
and as an easily performed, minimally invasive modality for 
identification of an intracranial mass effect in a animal with 
seizures. This case report also illustrates the complex and 
unpredictable nature of juvenile central nervous system neoplasia, 
the diagnosis of which is frequently controversial. As advanced 
MRI technology such as diffusion weighted and molecular 
imaging becomes more accessible to veterinary radiologists, 
antemortem diagnosis of brain tumours may become more 
sensitive and specific. Additionally, as our access to multi-panel 
immunohistochemical staining also expands, our understanding 













of the behavior of primitive tumours of the juvenile central 
nervous system will advance.
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